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(54) FILM-FORMING METHOD 

<57)Abstract: 

PROBLEM TO BE SOLVED: To provide a film-forming method of a 
metal nitride film, where the concentration of chlorine is low, j 
resistivity is small and generation of cracks can be restrained. 
SOLUTION: In this film-forming method wherein the metal nitride jj 
film is formed on a surface of a member W to be treated, whose . j~« 

temperature is comparatively low, in a treatment vessel 12 which ■■jg f 
can be evacuated, metal source gas is supplied intermittently, while irV 
inert gas is supplied continuously, reduction gas containing ^ 
nitrogen is supplied simultaneously with the supply of the metal ' 
source gas, and the reduction gas containing nitrogen is also *3 
supplied by term shorter than the intermitted term, during the .^j 
intermitted term of the metal source gas. As a result, the metal ^ 
nitride film is deposited, where the concentration of chlorine is low, 
the resistivity is small, the generation of cracks can be restrained, 
and abnormal growth of the film, is prevented. 
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* NOTICES * 

• 

JPO and MCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the membrane formation approach which forms a metal nitride in the front face of the 
processed object comparatively made by low temperature within the processing container made possible by 
vacuum suction Metal source gas is supplied intermittently, supplying inert gas continuously. The 
membrane formation approach characterized by supplying said nitrogen content reducing gas in a period 
shorter than between this intestinal stasis also between the intestinal stasis of said metal source gas while 
supplying nitrogen content reducing gas to supply and coincidence of said metal source gas. 
[Claim 2] The membrane formation approach characterized by supplying metal source gas intermittently in 
the membrane formation approach which forms a metal nitride in the front face of the processed object 
comparatively made by low temperature within the processing container made possible by vacuum suction, 
supplying inert gas and nitrogen content reducing gas continuously. 

[Claim 3] In the membrane formation approach which forms a metal nitride in the front face of the 
processed object comparatively made by low temperature within the processing container made possible by 
vacuum suction While supplying metal source gas intermittently and supplying nitrogen content reducing 
gas in a period shorter than these days of supply at the days of supply of said metal source gas, supplying 
inert gas continuously The membrane formation approach characterized by supplying said nitrogen content 
reducing gas in a period shorter than between this intestinal stasis also between the intestinal stasis of 
said metal source gas. 

[Claim 4] The membrane formation approach according to claim 1 characterized by supplying other 
powerful nitrogen content reducing gas of reducing power to supply and coincidence of this nitrogen 
content reducing gas rather than said nitrogen content reducing gas when supplying said nitrogen content 
reducing gas between the intestinal stasis of said metal source gas. 

[Claim 5] The membrane formation approach according to claim 1 characterized by supplying a plasma 
assist gas to supply and coincidence of this nitrogen content reducing gas, and standing the plasma when 
supplying said nitrogen content reducing gas between the intestinal stasis of said metal source gas. 
[Claim 6] The membrane formation approach according to claim 5 characterized by supplying reducing gas 
to supply and coincidence of said plasma assist gas. 

[Claim 7] The membrane formation approach according to claim 2 characterized by supplying other 
powerful nitrogen content reducing gas of reducing power rather than said nitrogen content reducing gas in 
a period shorter than between this intestinal stasis between the intestinal stasis of said metal source gas. 
[Claim 8] The membrane formation approach according to claim 2 characterized by supplying a plasma 
assist gas and standing the plasma in a period shorter than between this intestinal stasis between the 
intestinal stasis of said metal source gas. 

[Claim 9] The membrane formation approach according to claim 8 characterized by supplying reducing gas 
to supply and coincidence of said plasma assist gas. 

[Claim 10] The membrane formation approach according to claim 3 characterized by supplying other 
powerful nitrogen content reducing gas of reducing power to supply and coincidence of this nitrogen 
content reducing gas rather than said nitrogen content reducing gas when supplying said nitrogen content 
reducing gas between the intestinal stasis of said metal source gas. 

[Claim 1 1] The membrane formation approach according to claim 3 characterized by supplying a plasma 
assist gas to supply and coincidence of this nitrogen content reducing gas, and standing the plasma when 



1 

supplying said nitrogen content reducing gas between the intestinal stasis of said metal source gas. 
tClaim 12] The membrane formation approach according to claim 1 1 characterized by supplying reducing 
gas to supply and coincidence of said plasma assist gas. 

[Claim 13] In the membrane formation approach which forms a metal nitride in the front face of the 
processed object comparatively made by low temperature within the processing container made possible by 
empty length Metal source gas is supplied intermittently, supplying inert gas continuously. The membrane 
formation approach characterized by supplying other powerful nitrogen content reducing gas of reducing 
power rather than said nitrogen content reducing gas in a period shorter than between this intestinal stasis 
also between the intestinal stasis of said metal source gas while supplying nitrogen content reducing gas to 
supply and coincidence of said metal source gas. 

[Claim 14] In the membrane formation approach which forms a metal nitride in the front face of the 
processed object comparatively made by low temperature within the processing container made possible by 
vacuum suction While supplying metal source gas intermittently and supplying nitrogen content reducing 
gas to supply and coincidence of said metal source gas, supplying inert gas continuously, in a period 
shorter than between this intestinal stasis also between the intestinal stasis of said metal source gas And 
the membrane formation approach characterized by supplying a plasma assist gas and standing the plasma 
so that the days of supply of the following metal source gas which follows may be followed. 
[Claim 15] The membrane formation approach according to claim 14 characterized by supplying reducing 
gas to supply and coincidence of said plasma assist gas. 

[Claim 16] Said metal source gas is TiCI4. It is gas and said nitrogen content reducing gas is NH3. The 
membrane formation approach according to claim 1 to 15 characterized by being gas. 
[Claim 1 7] Said inert gas is N2. The membrane formation approach according to claim 1 to 1 6 
characterized by being gas. 

[Claim 18] Said inert gas is the membrane formation approach according to claim 1 to 16 characterized by 
being Ar gas. 

[Claim 1 9] Nitrogen content reducing gas besides the above is the membrane formation approach given in 
either of claims 4, 7, 10, and 13 characterized by being gas chosen from the group which consists of a 
hydrazine, monomethylhydrazine, and dimethylhydrazine. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the membrane formation approach of making metal 
nitrides, such as TiN (titanium night RAIDO) film, depositing on the front face of processed objects, such as 
a semi-conductor wafer. 
[0002] 

[Description of the Prior Art] It is important, in order that it may be in the inclination which makes circuitry 
multilayer-interconnection -structure according to the request -of the latest densification and high 
integration and embedding techniques, such as a beer hall which is the connection of the contact hole, 
lower layer aluminum wiring, and the upper aluminum wiring which are the connection of a lower layer 
device and the upper aluminum wiring, may generally aim at both electric connection in this case, if it is in 
a semiconductor device. 

£0003] Although aluminum and a tungsten are generally used for embedding, such as a contact hole and a 
beer hall, since the diffusion layer formed into silicon in response to the attack by the fluorine in these 
boundary parts will be destroyed or adhesion with the upper layer will deteriorate if these embedding 
metals are directly formed on a lower layer silicon layer or aluminum wiring, in the current semiconductor 
device with which power-saving and high-speed operation are demanded, it is not <Jesirable. 
{0004] Then, in order to prevent the above-mentioned phenomenon, before embedding a contact hole, 
SURUHORU, etc. with a^ungsten, it continues throughout a wafer front face including the front face in a 
hole, and the barrier metal layer is formed thinly, and embedding a hole with a tungsten from on this is 
performed. As an ingredient of this barrier layer, it is common to use the two-layer structure of Ti/TiN 
(titanium night RAIDO) and TiN film monolayer structure. As this related technique, they are JP,6-89873,A, 
JP,10-106974,A, and Decomposition, for example. Property of Methylhydrazine with Titanium Nitridation 
atLow It is indicated by Temperature <P. 934-938, J.EIectrochem.Soc, Vol.142 No.3, March 1995) etc. 
[0005] if for example, the TiN film is explained taking the case of the case where it forms independently — 
as membrane formation gas — for example, TiCI4 Gas and NH3 the inside of the processing container by 
which vacuum suction is carried out in this using gas — time amount predetermined to coincidence — it 
introduces continuously and the TiN film is deposited on a wafer front face with Heat CVD (Chemical 
Vapor Deposition) at predetermined process temperature. And it is TiCI4 within the same processing 
container after formation of the TiN film. Gas is NH3 without passing. So-called NH3 to which only 
predetermined time amount passes only gas He performs the postflow of gas and is trying to eliminate CI 
-element which remains in the TiN film. The reason for performing this postflow is that resistivity will 
increase or membranous corrosion will occur if CI element exists in the film. 
f0006] 

[Problem(s) to be Solved by the Invention] By the way, in order to prevent line breadth and thickness 
becoming smaller and giving a heat damage to each membrane type to which the process temperature at 
the time of membrane formation of the above-mentioned TiN film exists in this lower layer for this reason 
by detailed-izing and high integration of a semiconductor integrated circuit, it is desirable to set it as the 
lowest possible temperature, then — if it is in the former — about 560 degrees C — although the TiN film 
was comparatively formed by the pyrosphere, if it is in recently — about 450 degrees C — it came to form 
membranes comparatively in a low-temperature region. 



ci this p3rt. W3S 3bl® 
o^ni.^^ 

opening produces on atomic level was su tod .And P at mospher,o a,r that * isjasy ^ 

opening, by becoming air and the oxygen * M 

generate a crack. the °*Vge^ resistance) of the film itself increase^rurt und for 

problem of making the resistivity w mentioned above, it is a powoer 

of a T"* - -h »hich forms a metal nitride in the 

100081 — | . , h „ p rob |om] In the membrane formation approach W hich itor essing oontainer 

[Means for Solving the Problemj ir, ma<Je by low temperature within in p ^ 

front face of the processed object * d possible by vacuum suction Metal sow » 

with which invention speomed to claim 1 « ™ d > while supplyin g nitrogen content <££™ n ? Md by 

supplied intermittently, supplying ° it is the membrane f° rmaUO "^°°„tinal stasis also 

t: M S»-* S f " 3 ^VniX r le^htrirr 'and resists 

SSt^stL stasis of ^™gZ^^»^^*« St 

is email, and it becomes slble ,f ab "^ty ^owth moreover does not have. ^^3^^ metal 

oontrolled and which membrane formation approach ^"^ in the front face 

[0009] invention specified formation approach which forms *££££ aM *, r made 

characterized by supplying sa,d u n,tr ^f " ^ stasis of sa id metal source gas. . mtAst5na | stasis of said 

intestinal stasis also between the oonlaiit reducing gas between the conten t 

[0010] For example, when supplymg said c ^ ^ powerful n, ^ n than 

reducing gas of >^^J^^£Z£E** of said metal source gas so that lt may ape W 
between this intestinal stasis between the ^ ^ ^ ^ 

TootliMoreoyer. a plasma assist gas is supplied and you sour« gas so that it may 

coincidence of this nitrogen content reduc.ng gas 



^^^^^^^ -zp:p^ zzzxr gas 

so that it may specify to claim 12. In the membrane formation ^^^^-^^ container 
front face of the processed object comparat-vely made ^^^V^T^ J orce gas is supplied 
with which invention specified to claim 13 was made P^^r^'^^^dng gas to supply and 
intermittently, supplying inert gas continuously. While ^^^^^"^^^ by supplying 
coincidence of said metal source gas, it ^^^!^^^^M^>i^ reducing 
other powerful nitrogen content reducing gas ^f^ta^b^eer^e intestinal stasis of said metal 
gas in a period shorter than between this intestinal stasis also front f ace of the 

source gas.In the membrane formation approach which ^'^^"^ witn whic h 
processed object comparatively made by low temperature ^ h ^^^^ me ^ source gas 
invention specified to claim 14 was made possiWe by vacuum S uc*on ™ said metal source 
intermittently and supplying nitrogen content reducing ga s ^ su»ly arrf w nod ^ 
gas, supplying inert gas continuously. ,n a P^^^^^^^'CfeLrin. metal source gas 
the intestinafstasis of said metal source gas And as the f^^fXwSilMd by supplying a plasma 
which follows are followed, it is the membrane format,on m a ^ toTupply and 

assist gas and standing the plasma. Moreover, you may make it supply reducing gas 

coincidence of said plasma assist gas so that ^^I^li gas is TiCI4 gas, and said 
[0013] Moreover, as specified, for e^ e £ tnat £ may specify, for 

nitrogen ^ove' ^3^=5. t-laim 18. said inert gas is Ar gas. 

-example to cla.m 17 ft l ** a ^™™™j a . m ? 9 nitrogen conten t reducing gas besides the above is gas 

Somt^ 

[Embodiment of the Invention] Below, one example of the ^ 

invention is explained in full detail -based on -an ^^^^"^^^d^^i requires for this 
showing the processor which enforces the membrane forma ^J^^^™2f^ Ut example of 

r ntion ^ membranes are 

tnXT^ 

mm 51 The olasma-CVD membrane formation equipment 10 as this processor nas ine prw, b 
shower head section 16 which has many blow-of-gas holes (passage] > 14A ana h 
heaa^^^ 

Sr^lS i section 16 can mix two gas now for the first time in the processing 
space S. In addition, this gas supply .gestalt is called a postm.x 

[001 6] This whole shower head section 16 is formed with conductors such ^as nickel and a nicfcel *Hoy 
serves as the up electrode. As for the -periphery side of the shower head section 16 which is besides a 
Si^itl the upper part side, the whole is covered by the insulator 18 which consists of a 

w'St^^S^tS 1 -!: ™«ncy voitage of 450kH Z is connected through 
S laSjn. cireuft S and the open/close switch 23. and high-fraquanoy voltaga ,s impressed to th« 
the n^tohing ««" rt 22 ^ ^ wer head section 16 „ hich is the above-mentioned up eleotrode ,f 
shower head section "f™*™™^ high-frequency voltage is not limited to 450kHz. but may use 
Zttt^t^CeZZ: ^ ^ etc' And the taking-out iniet Port 26 for carrying out takmg- 



put close [ of the wafer ] is formed in the side attachment wall of this processing container 1 2, and a gate 
valve 28 is formed in this and it is made possible by closing motion. A load lock chamber, a transfer 
chamber, etc. which are not illustrated are connected to this gate valve 28. 

[0018] Moreover, the exhaust port 30 is established in the pars basiiaris ossis occipitalis of this processing 
container 12, the exhaust pipe 31 with which the vacuum pump which is not illustrated on the way was 
interposed in this exhaust port 30 is connected, and vacuum suction of the inside of the processing ^ 
container 12 is made possible if needed. And in this processing container 12, in order to lay the semi 
conductor wafer W as a processed object, the installation base 34 which stood up through the stanchion 32 
from that pars basiiaris ossis occipitalis is formed. This installation base 34 serves as the lower electrode, 
and can stand [ high-frequency voltage ] the plasma now to the processing space S between the 
installation base 34 which is this lower electrode, and the shower head section 16 which is the above 
mentioned up electrode. This installation base 34 consists of ceramics, such as AIN, the whole arranges 
[ this interior ] it to a pattern configuration predetermined in the heating heater 36 which consists of 
resistors, such as a molybdenum line, and. specifically, it is embedded. The heater power source 38 is 
connected to this heating heater 36 through wiring 37, and power is supplied to the above-mentioned 
heating heater 36 if needed. Furthermore, in the interior of this installation base 34, in the molybdenum line 
etc., the body 40 of an electrode which becomes mesh-like (reticulated) by ******** covers field inboard 
throughout abbreviation, and is embedded. And this body 40 of an electrode is grounded through wiring 42. 
In addition, you may make it impress high-frequency voltage to this body 40 of an electrode as bias 

voltage. , . , , 

[0019] And it penetrates in this vertical direction and two or more pin holes 44 are formed in the aoove 
mentioned installation base 34, for example, the product made from the quartz with which the lower limit 
was connected with each pin hole 44 common to the connection ring 46 pushes up, and the pin 48 is held 
in the state of loosely fitting, and the above-mentioned connection ring 46 — a container pars basiiaris 
ossis occipitalis — penetrating — the upper and lower sides — it connects with the upper limit of the 
frequent appearance rod 50 prepared movable, and the lower limit of this frequent appearance rod 50 is 
connected to the air cylinder 52. Thereby, each above-mentioned push raising pin 48 is made to appear 
upwards frequently from the upper limit of each pin hole 44 at the time of delivery of Wafer W. Moreover, 
the bellows 54 made possible by telescopic motion is interposed in the penetration section to the container 
pars basiiaris ossis occipitalis of the above-mentioned frequent appearance rod 50, and it can go up and 
down, the above-mentioned frequent appearance rod 50 maintaining the airtightness in the processing 

container 12. . . 

[0020] And the focal ring 56 for making the processing space S concentrate the plasma on the ^ r W™*y 
section of this installation base 34 that is a lower electrode is formed. Moreover, gas piping 58A and 58S ire 
connected to the head-lining section of the above-mentioned shower head section 16, respectively -so that 
it may be open for free passage to each above-mentioned gas space 17A and 17B. From one gas piping 
58B, it is N2 which is inert gas. TiCI4 which is gas or Ar gas metallurgy group source gas Gas can be 
supplied now with carrier gas (for example, N2 gas). Moreover, from gas piping 58A of another side, it is 
NH3 which is nitrogen content reducing gas. H2 which is gas. Ar gas which is plasma assistance, and 
reducing gas Gas and the above NH3 MMH (monomethylhydrazine) which is one of the nitrogen content 
reducing gas of other with reducing power more powerful than gas can be supplied now. 
[0021] Here, although the above-mentioned explanation has indicated all the gas used in the example 
mentioned later, each above-mentioned gas is not altogether used in one membrane formation process, but 
only required gas is supplied according to each example mentioned later. Therefore, supply and su PP'v 
interruption can perform each above-mentioned gas according to an individual alternatively if needed, 
respectively as a matter of course, and control of flow is also made possible according to the individual. 
Moreover, although RF generator 24 which generates the plasma here is formed, membrane formation 
processing by the mere heat CVD may be performed without using the plasma depending on an example, 
and the membrane formation equipment for example, by lamp heating may perform membrane formation 
processing by such heat CVD. 

[0022] First, the 1 st example of the membrane formation approach is explained with reference to drawing 
2 . The TiN film is made to deposit with Heat CVD here without using the plasma. At this 1st example, it is 
N2 as inert gas. Gas (refer to drawing 2 (A)) is used, and it is TiCI4 as metal source gas. Gas <«*er ;to 
drawing 2 (B)) is used, and it is NH3 as nitrogen content reducing gas. Gas <refer to drawing_2 (O) is used. 



* • 

Each above-mentioned gas is supplied in the shape of a pulse in ^.^^^^^M 
which is inert gas TiCI4 which is metal source gas, supplying gas cont '" U ^^ ofthe 
intermittently and is nitrogen content reducing gas While supplymg gas ^^XteTcontent reducing 
above-mentioned metal source gas. he is trying to supply the ^7™^^^^^^ above- 
gas in a period shorter than between this intestinal stasis also between the intestinal ^as's ot t 
mentioned metal source gas. "ON" in drawing-? shows the supply condition , of gas. OFF -J™ 
supply interruption condition of gas and this point is the same here also m draw.ng showing 

subsequent gas supply. r , . ^^^\ Mr 19 k carried out. Gas 

[0023] Thus it is N2 where vacuum suction ofthe inside of the '^ence. and 

is a sink and TiCI4 continuously. Gas is a sink and NH3 intermittently Gas jT^Q* come 

TiC,4 It is passing once in the period ^ 

performed repeatedly. The TiN film accumulates at the time of ^^r^^^'Sr.cW. It is 
NH3. When it is a flow, the residua, chlorine in the TiN film falls out and « "^dedH«j * * ^ 
TiCI4 to the degree from the time of carrying out supply initiation of , c yc le is about 

length of the time of starting supply is defined I • eye e. In this J- 60 

abbreviation 40 second, and, of course, this die lengtn ui 

seconds in fact [ it is not limited and ]. . . . ■ _ „e are about 10 

[0024] Moreover. TiCI4 Gas and NH3 The days of supply T2 of ^^ n «^% ^.'Si^^upply T3 
seconds and NHS. Independent days-of-supply T3 of gas is about 10 V^^*££*J*£ Process 
is TiCI4. It is located in the center of abbreviation between [ T1 ] the '^JJ^^^iikmd 
temperature is about temperature comparatively lower than 580 degrees C which ,s th ^onven 
membrane formation temperature, for example. 450 degrees C, her* £, ^n«y of « as '^ ering 
500sccm extent and TiCI4. Gas is 30sccm extent and NH3 Gas ^^"^ | ?^^ y passing 
multiple times and carrying out the sequential deposition of the ^^^Z^^^^Jb. * 
membrane formation gas intermittently, in spite of comparatively ^^T^^^^SnA low the 
can also make resistivity small, and generating of a crack can be oontroHed . . not only can con 
level of chlorine contained in the TiN film. but. and it becomes poss.ble further to consider 
with which membranous abnormality growth was controlled. depository are 

[0025] As this 1st example shows to drawing.? 'especially, the , both ^^ e ^^ a J m3 it 
N2. The gas 4 which contributes to membrane formation since it is purged i.e »|V section but 

^:: n ^^ - suruhoru - a contact 

5T Z^T^^^^^r of cycles of T 
TiN fi.m7thTgraph with which drawing 4 shows the relation ZZr of cycles of 

chlorine in the TiN film, the graph with which dj^wing_5 shows the ^^^™ h 2^ ph8 under the 
gas supply and the stress of the TiN fi.m. and sfcmfilLA are £e drawin s^^on g**J>^ of the 
scan microscope which copied the cross section of he J.N ' ^ g^r age thickn ess ofthe 

resistivity to the number of cycles when forming 300A of abbrev.at.on Dy tnea « thickness of 
whole TiN film is shown. For example, when the number of cycles ^^J^J^JmS of about 60A 
300A in 5 times, the quantity of gas flow etc. is controlled to depos,t the film with a th.ckness 

[0027] Evet if it forms about 300A thickness in 1 cycle and forms about 3"A«^ JHjJ* 
extent when process temperature is 580 degrees C so that clearly from , this *iffiSL3 . boto J 
does not change so much but shows the low value. On the fT^^^^^^d^^^ 
case of this invention approach, resistivity is high, and .s not desirable tort; *ut m ^ , , 

rapidly as the number of cycles is increased. And when the number o cycles is 16 q f ro ^ h eviatjon 
cycle) extent, resistivity became 600micro ohm-cm extent hig h as 
resistivity is saturated. Although 600micro ohm-cm of th.s resistivity a dd. r h th TN fllm 

compared with the case of the conventional approach, it is fully in tolerance. Therefore, when 



was formed, it became dear that it is desirabfc to se umbe of cycle -s at ,ea^ ^ 

[0028] Moreover, drawing^ shows the dependency of the level 1 h witn tne postflo w of 

temperature. It is NH3 so that clearly from p*mA ' ^ process temperature falls, 

gas Although it becomes [ the level of chlorine | high and is ^£ ^^^Vtimes at the process 
fn the case of this invention approach which performed the number of cycles J 16 »™ about q.55», 

temperature of 450 degrees C Although process .^^J^^ £ of chlorine at the time of 
and was very low. it is lower than 1.5% of abbreviation this [ whose j is ^ejev ^ & ^ 

the process temperature of 650 degrees C of the the TiN film to the 

good result was shown. Moreover di«5 X,. T iN film is set as 300A. When 

number of cycles of gas supply. Also in this case. ^f^^J^^Z^ rapidly and stress is 
the number of cycles is 1 time so that clearly from ^^^^^^^t^n ze ro and the number 
saturated with 16 abbreviation by the number of cycles so that ^s^s abD ^ . q 

of cycles increases. Abbreviation zero are in ^ ^"dition that^ IT^JS^ stress. That is. it has 
released, and the point which it shou.d be careful of ^ ^ es t a Tk a nd a crack has hard«y 

re.ation with opposite magnitude of stress Abbreviation by the number of 

rrr- "1^^^™ - setting the number of cycles of 

photograph of the cross section of the TiN film, and is shown mtoB*fiW; the J but in the case 
TiN film was seen, signs that the TiN film was «W0^ ^f^f^een in the TiN film, but it 
of this invention approach shown in oVawjnge fl^^^^^ the number of cycles here was 
became clear that the TiN film was carrying out normal growth. In addition. 

set as 40 times. _ . e „ u _. A * n lained Drawing 7 is drawing 

[0030] Next, the 1 st modification of the 1 st examp < .off ^J^^^\ s 7^p7e. About the same 
showing the timing of supply of the various gas of the 1 st modification ' °J ™ e __ ^ €as supp , y 

gas. explanation is abbreviated to having been shown ,n j f^^^^^ducing «« [ like / in 
voice of said 1st example - it is the P<>i^ which passed other n trogen co^^^^^ and 

addition ] (it is also hereafter called MMH) (refer to ^bove-mentioned metal source gas 

has deposited the TiN film with Heat CVD. Namely. T.CI4 which is the above ment ^ rf 

NH3 which is the above-mentioned nitrogen content M ^^*^J^ nitrogen content 
gas When supplying gas. he is trying to Wiethe MMH gas £ Qntent reducing gaS to supply 

reducing gas of reducing power rather than the above J^^J^S content reducing gas. it is the 
and coincidence of this nitrogen content reducing gas. As other n «~«f n . ^ the nitriding 

above NH3 like MMH. The strong thing of reducing power « more, and the 

force at the time of this gas supply can be raised, the level ot chlorine ca 

perfect TiN film can be formed. »u« w « ; e -vnlained Drawing 8 is drawing 

[0031] Next, the 2nd modification of the 1st example of the above » lst example. [ of 

showing the timing which stands the 2nd timing in drawing 2 . the 

a modification ] About the same gas. explanation is abbrev at_e_d to having ^ assist ggs 

description here - the gas supply voice of the 1 J sample iwe __ moreover , the need - 

(refer to drawing^ (D)). for example. Ar gas. - add.£ » the P.a sma stan „ jn addition , 

responding - this time - as reducing gas - H2 ^[Z cyD Namely T.CI4 which is the above- 
it is the point which has deposited the T.N film by plasma CVD • Nam ^ y _ '^ ntent reducing gas between the 
mentioned metal source gas NH3 which is the above-ment. '^T^^T. supplied to supply and 
intestinal stasis of gas When supplying gas. Ar gas which ,,« . , plasma ass^t gas , pp ^ ^ when 
coincidence of this nitrogen content reducing gas. Bt ^^^^^m 16 of the upper and lower sides 
performing a flow, while passing Ar gas, it impresses b ^ e " ^^^ng force over the TiN film 
of high-frequency voltage, and 40. and^ ^ ' 8 ^^,^^^ chlorine can be formed, 
oan be heightened further, and the perfect T,N film wit . more little Mey tf gag fe 

Moreover, when standing this plasma, as it is shown in dj^wmg_8 <F). it 

passed, the nitriding force can be raised further. evn i aine d Drawing9 is drawing showing the 



g as intermittently here, supplying inert gas ^ ^ . 

which is inert gas NH3 which are gas and n,troge ^^^^ supplied in the shape of a pulse .n 
continuously and is metal source gas to , th.s As ; gas was » -> NH3 A flow (nitriding) -> 
time, the TiN film is deposited w,th "^.f^harjfa^^ one ^ examp|e of 

depository -> NH3 Each process flow (n-tnd.ng) .s P*™™* re * e stasis abbreviation - <t 

iHustration - TiC.4 between [ T1 1 ] the , days * ^ ™ * 

is set as the same die length, and the an d J^ing out the sequential deposition of the 

10033] Also in this case, by covering 1^ in spite of comparatively 

detailed thin film intermittently. P"™"^ ^ of 3 ^ 

lew temperature process temperature, .t can also make J™*^™ 1 ^ TiN fllm> but . and it becomes 
controlled it not only can control low the level of chlorme contained . the I .N , controlled, 
possible further to consider as the TiN ^ w.th -hjch ^-J^y^^ NH3 which supply gas In 
Moreover, in the case of this 2nd example .t .s T.CI4^ *P~it«nr P wn jn , it 

the case of the 1st example which the n.tr.d.ng time of supply initiation of gas. 

differs, and it is N2. Since the purge process ,. not •^ b, ^ i ^™™ | y of the concentration of gas is 
and supply interruption, it is this TICK. NH by ^ ^n^o^pj of the ^ ^ ^ ^ 

carried out Although the operation the cond.t.on of d ' c ^«^ ^"J^ a litt , e is presented N2 In the 
concentration of gas. and this degrades [ operat.cn ] a .topi hippo reg.ste ^ & tnrougnput . 

part to which the purge was abbreviated, and th.s 2nd •^^^^Z^ dL r^^ngJO is drawing 
[0034] Next, the 1st modification of the 2nd ™^*«^*£^^Z> 2r^™^- About the same 
showing the timing of supply of the venous gas J£™*™ ^Te description here - the gas supply 
gas. explanation is abbreviated to hav.ng been shown ,n ^^t o ger^ Content reducing gas [ like / in 
voice of said 2nd example - it is the pent wh.ch P^sed other , n ' tr ^ en c ° n deposited the TiN film with 
addition ] (refer to dxawingJO (D». for example, m °^"E^ wh'ch is the above- 

Heat CVD. Namely. TiCI4 which is the above-me "J^'J^T^^.!. this intestinal stasis 

— eas which is other powerfuI nitrogen 

[^^^^ 

power is used rather than gas. by th.s. the nrtndmg Torce at ™* ™ d Moreove r. days-of-supply 

too much and degrading a step hippo register is no \» ro ™™**™ e { s explai ned. D^wingjl is drawing 

[0036] Next, the 2nd modification of the 2nd example of above . .8 g^f1nT2nd example. 

showing the timing which stands the 2nd timmg and ^^^^^^ shown in drawing^ . 

[ of a modification ] About the same gas. explanation ,s abbrev ated to hav g ^ ^ ^ 

the description here - the gas supply vo.ee of the 2nd ^ a ™ ,e __ standjng __ mor eover. the need - 

(refer to Rawing Ji (□)). for example. Ar gas. - add ng the ptasma ^ ^ (p)) __ 

- responding - this time - as reduc.ng gas - H2 [for example J g Tici4 whjch js ^ above _ 

addition, it is the point which has deposited the T.N film by 1^ J5 snorter tnan between 

mentioned metal source gas Between the «^ rtn "' and the plasma is stood. 

this intestinal stasis. Ar gas which ,s ^"X^S here. You are making it located .n 

[0037] Moreover, the days of supply T5 of Ar gas are tneaw passing Ar gas. it 

the center of abbreviation between [ T1 ] the '"^stmal sta ,. erf j g» ^ J ncy voltage . and 40. and 

impresses between the electrode 16 of the upper and lowe, r sides of h.gn t q \ v ^ ^ 

the' plasma is stood. Thereby, the nitriding force ^^^^^ standing this plasma, as it 

> e £t™ the — gforce can be raised 

K Next, the 3rd example of this invention -P^^ 

timing of supply of the various gas of the 3rd exampU* of th.s of supply T2 of said metal source 

intermittently and supplying nitrogen content reduc.ng «as at the days or 



gas in the period T6 shorter than these days of supply ? 

supply said nitrogen oontent reducing gas also ^^^^^^ 

here by period T3 shorter than between [ T1 ] this intestinal stasis. Qas 
[0039] Namely. N2 which is inert gas TiC.4 which gas ,s ^^^^^^^n oontent 
s intermittently supplied in the shape of a pulse in fine. ^^^^X T2 of gas. and intestinal 
reducing gas About gas. it is the above TiCI4. Between [ T ] the ^^JW^^ snorter than 
stasis, it supplies intermittently in the shape of a pulse .n tome by ^ e jenod . b pe 
these and T3. That is. it is TiC.4 to the ord er at ^the , fme .of - ^Htanl and this has 
postflow period of gas are established and ,t ,s T.CI4 • fl ow rate of gas w Tjci4 ^ _ >N2 

deposited the TiN film with Heat CVD. the f °% p ' e Flow ->N2 a purge 

Purge ->NH3 Row (nitriding) ->N2 Purge -> pre T^^^tX^ illustration, it is TiC.4. NH3 at 
- each process .... is performed repeatedly one by one. A the example o ^ rf 

the time of supply of gas (days of supply T2) The days erf supply T6 of gas are ^ ^ . (ntermission 

abbreviation of the above-mentioned days of supply T2. «" d J^™?' " d in the cen ter of abbreviation 
of gas (between [ T1 ] intestinal stasis) Days-of-supply T3 of gas is located 

between [ T1 ] the above-mentioned intestinal stasis. . in this case . by covering multiple 

[0040] Moreover, the die length of 1 cycle ,s about 15 - 70 intermlttent |y. passing membrane 
times and carrying out the sequential deposition of th process temperature, it can also 
formation gas intermittently, in spite of , comparat, ^^^^^^ control low the level of 
make resistivity small, and generating of a crack can be c ^^ d ^°^°^ n8ider aS the TiN film with 
chlorine contained in the TiN film, but and it becomes of 3 rd example, it is 

which membranous abnormality growth was ^^^^^0^0^ are established, and this flow rate 
TiCI4 before and after a depository process. PUR1FURO > and a posw ss |Q 

is stabilized, and it is NH3. Before and after a flow ^^^^^r^ can be raised 
established and he is trying to eliminate excessive gas completely, a step n.pp eg 

further. „ , . - . . _ hovp : s eX Dlained. Draw]ngJ3 is drawing 

[0041 ] Next, the 1 st modification of the 3rd example of \ he m a o b .°^ o ; X ^ 3rf^am^ About the same 
showing the timing of supply of the various gas of ^*^^^2^5on here - the gas supply 
gas. explanation is abbreviated to having been shown -n ^JJ^ ™ S J t reducing gas [ ,ike / in 
voice of said 3rd example - it is the point which passed other n*^°£™ monomethylhydrazine. and 
addition ] (it is also hereafter called MMH) (ref er to |^ g ^ ( ^ metal SO urce*as 

has deposited the TiN film with Heat CVD. Namely. T.CI4 which is the above m ^ stasis c f 

NH3 which is the above-mentioned "^.'^^^^t^P^ nitrogen content 
gas When supplying gas. he is trying to ""P^^^^^gen content reducing gas to supply 
reducing gas of reducing power rather than the above menbonec I nit g ft js ^ 

and coincidence of this nitrogen content reducing gas. As ot her "*W n ^ b tnis , the nitr iding 
above NH3 like MMH. The strong thing of reducing power is ^;* a ^S^ a8 .d more, and the 
force at the time of this gas supply can be raised, the level of chlorine can be 

perfect TiN film can be formed. «u«„« 1C »vnlained Drawing 1 4 is drawing 

[0042] Next, the 2nd modification of the 3rd example above ^*° s 3rd example. [ of 

showing the timing which stands the 2nd ^^^^^^ n ^n shown in dxawingjl . the 
a modification ] About the same gas. explanation s f£™*e* to hav. g ^ ^ 

description here - the gas supply voice of the 3rd examp,e ' _ standing — moreover, the need - 

(refer to dr^mM (D)). for example. Ar gas. - addmg — ^ m to ^^UiF)) - in 

- responding — this time — as reducing gas — H2 L [ or exa ^ J £ Namel TiC |4 which is the above- 
addition, it is the point which has deposited the T,N fimby^ ^VD^ ^ reducing gas between 
mentioned metal source gas When supplying the above-mentioned tQ supp|y and coin cidence 
[ T1 ] the intestinal stasis of gas. Ar gas which is a plasma assist gas is supp 

of this nitrogen content reducing gas. and the plasma '"too. impresses between the 

[0043] In this case. NH3 Only when performing a flow, while passing : Ar ga w ^ 

electrode 16 of the upper and lower sides of W«h-frequency voltage ^ d ^ rf e C t TiN film with more 
Thereby, the nitriding force over the TiN film can be ^^"^^^.Trt is shown in g^wingJ4 (F). 
little level of chlorine can be formed. Moreover when standing this P g asma ^ 
it is*2 as reducing € as. If gas is passed, the nitnd.ng force can be raised turtn 



[0044] Next, the 4th example of this invention f^^^^^i Itc^ 
supply of the various gas of the 4th ^^^J^^^t^cJ^ of said metal source 
intermittently and supplying n.trogen content redu ^'"8 ^ W sup p y source gag m th 

gas. supplying inert gas continuously. ^^^^ content reducing gas was passed and the 
period shorter than between th.s intestinal stasis, other n.trog 

TiN film is deposited with Heat CVD. ...onlied continuously and is nitrogen content 

[0045] Namely. N2 which is inert gas NH3 which gas WW^J * .„ synchr onized. it is 
reducing gas TiCI4 which are gas and meta ' m f^ F ^^^ above T.CI4 Between the intestinal 
intermittently supplied in the shape of a pulse in ^^Tj™ the short per iod as other powerful 
stasis of gas. it is the above NH3. Rather than gas MMH « ^ Heat CVD That 

nitrogen content reducing gas of reducing ^^^^^mpie is NH3 in the 1 st modification 

^^^^ 

^tsMJStfssa — ' - >N2 a puree 

flow (nitriding) - each process .... is ^ 0 ^^ e ^^o^L sequential deposition of the 
[0046] Also in this case, by covering multiple times ^^ s °^ tte ^, in spite of comparatively 
detailed thin film intermittently, passing i ^^J^^XSJ small, and generating of a crack can be 
low temperature process temperature, it can f^^™^.^ in the TiN film. but. and it becomes 

ToSt^ ab — y growth was contro " e 

stands the timing and the plasma of supply of various ga ^s of this inventio I ^ ^ ^ 

supplying metal source gas intermittently and supplying ratrogjn conte assjst am , 

cogence of said meta. source gas. source gas which is a 

is trying to stand the plasma here, so that the days of ^ o intestinal stasis of said 

period shorter than between this intestinal stas is and f ^ wnich gas is supplied continuously 

metal source gas may be followed. Namely. N2 whjch w ^^^ g€ J Gas is synchronized in the 
and is metal source gas NH3 which are gas and nrtroge n ^ T|C I4 The following T.CI4 

shape of a pulse in time, and is supplied intermittent^ f ^mwfj^ a ^ ^ g p)asma 

which follows between [ T1 ] the intestinal stasis o ga ga (refer rf suppIy J2 of €as 

assist gas is added in the short period T9. and the plasma 

may be followed (refer to drawing 1 6 (E)). reducing gas at this time. Gas (refer to dj^wingjl 

[0048] Moreover, the need is accepted and it is H2 as 'educing « depository -> N2 Purge -> 

F)) was added, and the TiN film is deposited by f^^J^^proc^* - is performed repeatedly 
plasma nitriding -> depository -> N2 Purge -> ?**™*jT*"*J e ^ electrode 16 of the upper and 
one by one. In this case, when passing Ar gas. * '^"^J^od. Thereby, the nitriding force over 
lower sides of high-frequency voltage, and I 40. an ^. P T ^ m S wi th more little level of chlorine can be 

the TiN film can be heightened further, -^^^^n. lft <FX it is H2 as educing gas. If 
formed. Moreover, when standing this plasma, as it is snow 

gas is passed, the nitriding force can be raised further cracR can be contro || e d it not only 

[0049] Moreover, it can also make resistivity small, and f e ^ a _ ,ng , ite of comparatively low 

can centre! low the level of chlorine which is co "^*"**^^ g out the sequential deposition of 

temperature process temperature by covering mutaple ^ carry a , so tne case of this 

the detailed thin film intermittently, passing nniei mbra ne tomm i g which membran0 us 

5th example, but. and it becomes possible father to T ' 9) of plasm a nitriding here, it ,s NHS. 

abnormality growth was controlled. Moreover at the P r ^ S J e " 0d gas . Imme diately after the process 

Since gas is not passed, it is N2. Plasma ^^^^TJ^SSv process (period T2) can be 

of this plasma nitriding. it is NH3. N2 which ehmmates gas A anQ , throughput can be raised. 

performed immediately, without performing a P" rg % P 0 r ^ 

Moreover, the time amount of 1 cycle is about 5-6 s ^°° n ° S ^ gas of re ducing power if it was in 
[0050] Although MMH was used as powerful P^^^^A^a hydrazine and dimethylhydraz.ne. may 
each above example, it is not limited to th.s but other gas. such V 



boused. Moreover, enough expUined taking the ease of ^.^^^ Xt*™ 
nitride here, it is not limited to this, but also when ™£^W„ g ease of the semi- 
film, this invention approaoh can be applied. Moreover alttough exp ses a LCD substrate, a 
conductor wafer as a processed object, also when rt s not limrted I to^ * sDut p 
glass substrate, etc.. of course [ in this example ]. th,s ,nvent,on ,s apphcable. 

of the .nvenfion] As explained above, according to the to 
invention, the operation effectiveness which was ^^^^^^Z. resistivity was also 

does not have, either deposit. 
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©ttJS 4 |5]B$CC £ 4 fttc bu IB&JX V - X tf*®n 

So 

I now 3 ] Mtt i * ptobk & s nft&iissrtfc-c 
*r£i4#x z&WMcm& l^&m y - x # * zmx 

[ a*g4 ] ftiia^rai y - x onKXumtc **c > r 

[l»#JH5] IWE&Hy-X:tf*©l80dBWH:*«r»"C 
K jItc** X S «fc 5 JC b C 4 fettft i -T -SI** 

a 5 te*s©fiSjg^s. 

Ml#17 ] Wffi&My-x#x©HI^I«K:-4*»-C 
«k 0 fcS^;fc©3£l>f6©g^WS7C#X<S:gM&-r£ «fc 

5 ec L fc C 4 * ftSfc 4 r £ fit 2 ietS©iS)g*i*. 
[1**1 8 ] frie^il v -x xofflXMfflt-cto^x 

C<DfflXMF$£ 0 fcJBltfBIHT. ^7Xv7->^ h#X 

ztmm 2 enofixn^. 

tCilTttf X i«t^iCWcCi 5:ftS!t 4 r -Sfg* 

^8faiS©fiSM^ffi„ 

{ nam i o ] friars! y -x *'x©p^^ratc*jc» 
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7C**X©«t&4I^B$tCB>)ieS^#ji7C^^«fc •) ^Stc 

^©^^flij©^^;#ji7c*'^ 4«*&-r £ <fc 5 K L//c C 
4 £ ft® 4 -T £ f|#Jl 3 lS$£©^S*So 

[fMQli l ] ii^a^y-x#x©iiflXJ8fflitfc<,> 

iaK©fS^ffi, 

i f aiS©t&K:fr&, 

^Rsifetfx zmmmicms v-o-o^m y-x *tx&w%. 

tfJicm&L. g5R^WM7C#X£. friary -X#X 

©«*S4 l^fttc^-r s 4 Buia^H y - * #*©lffl 

20 jf7C*'X«fc»)*>jl7C^©?S(, : 'ffe©^^jl7C^X ; Sr« 

©«*&4 ^B${c«t&T ^ 4 mse&m y - ^ ©fei 

L C 4 ?rftSt 4 T i> fiSK^. 
tiS^l 5 ] Buiay-7X-7T->X hAf^©tt*&4I^ 
B#(Cjl7C^X?r«l&f S«fc LtcC 4*ftt![4-r?>W 
1 4 f B8t©)SM:£&, 

[if^Ji i 6 ] mm£jgv-xtix\tT i c i , 

T*>»3. Mse^^Wjl7C**X « N H , C 4 

*ft8i4-r-5iS*^ 1 1 5<D^-rtifrK.iB&<Dtim 

40 %«F«<!:rSI»«31 1 7iS 1 6CDUrtl^tCieiE(D^ 
50 [0 00 1 ] 



3 

[0002] 

[0003] b*-)i> J $>t:T*-)i>m<Di£&>& 

«^r;i/ ^ - ABiLbccKSBBfiRr * £ c ti h<onam 
ttDzymtb^rtj *ccfci>rttjtf g u < fti> 0 

[0004] *Ct, ±iE^£l%±^&/c&te:3>£ 
^ h ^ - ;U ^ x - ^ ^ > ^ x ^ > r S^iA^ h5 

*C* - ^ & S#>iMf c <b #tfft fc> ft T l > £ . co^»J + 

iOTOiltll Ti/TiN (?-^>t>f 

"C*4. COHafflHfiiOTtt, M*.»mi¥6-8 8 
8 7 3#&», ^P3¥ 1 0- 1 0 69 7 4-*t&#gRtf D 
ecompos i t ion Property of 
Methy lhydraz ine with Tita 
nium Nitridation atLov Te 
mperature (P. 934-938. J. Ele 
ctrochem. Soc. , Vol. 142 No. 
3, March 1 9 9 5 ) mttm^ZtiZ. 
[000 5] T i N**«ttrjBfiS-T 

mict-oxmmrzt. ^m^^tuxm^T \ c i 

, N H 3 #X*fl|C» m Ctl&M£3\&$tlXl>Z> 

T'P-lr^ggr, jgCVD (Chemical Vap 
or Deposition) K<fc 9 ^x^g|jB±fc:T 
i N«£*«r*J:5CC&oTl»S. fit, TiNI 

<w^aaec. i^H&assrtccT, t i c i 4 

£NH 3 #^OsKX+70-*l7t^ T i Njg|*iC£S# 
[0006] 
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4 

/Jn§ < ft 0 . £CD/c#>, ±83 T i N«<0«tflft©^O-fe 

t-ct, fi£*cc*r>r«:, 5 6 0°cft 
iSK * o Ttt, 4 5 0 -c^ttcoJttSiWflHaairjsRttttf 

5<fc5CCftofc 0 

[0 007 ] ±j£CD<fc 5<CJB««-CT>*-T©#^ h 

ft^/cO, *c>ttt<D«fc5ft£l»tt:tt % 

20 l^fcNMtf&oA:. ±a5Lfc«fc5ft{S»«'C 
T i NB«:JS«-r&«^K:tt % TiNi*«c^y-tt 
<Dffc£tt, ffl?UXT i NC 1, aAWftftS: 

ftfcfc©r*&. *3R««*HS<, ffi 

OfiHK&ffi * t ± K * * . 
[0008] 

[SH*«^*T4/c«)C!>^S] lM»9ll(cWe a r&A9! 

40 pjf&<bft£ 0 

[0009] fi*^2tc*s*r^^Bj«, K^?i^pj«e 

gtt^i MfH^i i§7t; ^' X £ £ 2tt b oo ^ 

£-r4J5S«*j*r*i. l»*313«:«j&r*«?8«. * 
£3 1 # pjfl&cft ^ n/c-ftfflS«rt ccr Jtew(Sffl«:ft $ 

50 X^r a 1^WCC«3f&b, fflR««a5c*X*tJB2&«y- 



5 

[0 0 10] mtf»3j^4Cc«£T5J:5ec. nuIB£ 

*$ET£J:5CC, iulB^X^T^x h#X(DgM&<hl^ 

§7c#x J: 0 «>^;b<D*i»f6<D^SWfi^#x*« 
[0 0 1 1 ] Sfc, »^18CC«^-r^<t^(C, ffifiB£ 

«v-^^<DHI^WP*«:*5i»r c<DH^WIffl<fc 0 4>*§ 
5CC % ifriB^5XvT^h^©«*&iBI^«:jR7c^ 

-f£B$&c v BaHRswjB7c^©ea&iigii*cc^^xv 
r is x h #x £ « u r ^ x -v £ ti r £ <fc 5 k u x i> 

[ooi2] £/c, m^mi 2 tcrnm.? z £ $ ic , tuts 
? I* nifficc 4 s Jh/c»ffissrt ccr tt«wfi«atc ft <* ft 

^*'X(D«*&i|^]^«:^-r^i*CC By 3B & JK y - X # 

* 0 4cc«jtrs*?i3tt, *^§i€roj^ccft^ 



(4) &NJ 2 0 0 3 - 7 7 8 6 4 

6 

m y -x #x ©Aurora s ± 5 k , ^7X77 

^>X h^'X^^bT^^Xv^fir^i^CCO/cCi 

•r^cfc^cc, Buiay^xvr^x h^/xottt&i^^ 

[0013] J/c, ^A^K^16Cca^*r^J:^ 

tt* BJl2*«y-x*x«T i c i 4 #x-c*>9, Huia 

iB^RStttfxiiA r ^t*5. £/c, Cfl*.-t21*$% l 
9 K*)i5rr «5IBffi^^WM7C^X«, t: 

<toft^efj:o^$n^^x-c^>^>o 

[0014] 

H2 1 ^SfeW<7)^&«^XO^cD^ 

^cvDf&m^m^m^x^mmimtoxT i nb£ 
to 0 1 5 ] @^r&<fc5cc, c<Dim&m£isX<D7 
v v)\,<£$£!<c& F\ffit*viLcm&2 titcmms 1 2 

HltC^ c CCDtoS^gl 2<D^#SP^C«, TffiK 
&&<DJjxmmil (SSSg) 14A, 14BI:Wr^t/t 

30 y — FWi 6&mihtiXteK). cn«:iWI*' 

x<b oT0n^{i^^xii^s§s 1 2ft<Dmm&r$ 

gp 1 em*. m?L&2-o<Drtxmmi 1 a, nBtc^ 
n&mzt\%t*±K.&jj7s^m 1 7 a, i7B(c±ibs 

^'X«St?L14A, 1 4B#*ft-tftiS«3ftTte9, 

^s^pa s x2^<DUx&m&>xm& on 2>£ *> «:ft -3 

[0016] CCD->+ 9 — KSC1 6CD^Wi, «lx 

40 \i~ vtr)i*>~ v tr)i&&m<Dm&&tc£ 0 &&2*ix 

9 *v K8B1 6CD?fSffliJ^±*WJ«, WI^«5^T 

;Ht(Al 2 0 3 ) ^<fc9ft^m»i*i 8tci0^<* 

&mt>tlXte*). ±IB^+ -7— ^9 FSP1 6l*C<D&m 

&i 8^irj^lgSi 2<fJccj^t«zi^K0W@ 

3^i*l 8 t&m&m 1 2CD#S^Si5P^«, Wx.^O 

v > ^ 0 ft h u - ;^§p« 2 0 n^n^a a nt 

telSSl 2rtcD^ffitt^^T^J:^«:ft^T 

50 l>& 0 



< 
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[0 0 1 7] *tyT, C<Dis+V— K§P 1 6ltte\ 

Tl^o ft, COJSJajfiaE<DH«8B[tt4 5 OKHzCC 
K^^^r, ttOJHttft «iKl3. 56MHz^ 

$x^*»UATSfc8^»HiAP2 BV&OiStiXto 

ttS*rci>£. coy- Y'WJZ 8*ctt, Hmb«:<r> 

[ooi8]*/c coa&Ji^g 1 2 (Djsas^c^gr^n 

3 0#^W6nr*59 k C Ogf fiD 3 0 &C 

tir. ffifflSgl 2rt«ri2««:j£i;TK^5l#nIS6tO 
r(,>&. fit, COi>MS§l 2rttC{i, *£&gM*<t 

Lr©^#^x/%wttR«r*/c«>«:*<DjS»J:OS: 

s&r*£*B8£3 4 <t±fa±spmgr£>£>'+ c/-^ 

g^3 4«, A 1 N^O-fe^S ?^XJ;9 

zmt&t-*3 6$mm<D'*$->Bmtm?iiLxm#> 

ii£*vCl>£ 0 C<Wn(Rfc~*3 6Cttt, b-*«jR3 

8BflnJI&fc-*3 6CC^£t**£^&<£Mcfror^& e 30 
MCC, COi£g£3 4 0rtSffGcte, mz-\tf)~fr^U 

£ e (ISJ, CO«fl6*:f*4 0K:^-frx«BE<bl/TieHifi 
[00 19]^0r, ±BBIEB^3 4CCW:, CCD±T^ 

fijecailLra«©f >?L4 4 3&sjB0cStir*jO, *tr 

>?L4 4«:tt, T**«asBy>y4Btt:«accattsn 

iSfSSftrfcO, CO UfiP? K5 0OT4SS«XT^i; 

tft*>4 8£^x^W(^tt©bB$Ct&*r>?L4 4<D± 
tt*6±£^Wtt3tt*J:9fctt-3'Cl>«. */c, ±IB 

Uitsp v f 5 o fl[>««jepfic*fr 4»a»«ctt % {«§pj 

ffeCC&3tt/c^P-X5 4#/i«3IVCte9* ±fBffi?£ 

rftiJ:^ cctt^rc>*. so 
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[0020] ^U, T§PSgr*4COlBgft3 40 

tf-^s K8S1 6©35#»«:tt, ±ES**^SH1 7 
A, 1 7 BCcaar*J:5K: % ^Kf5 8A, 58 B 

tt. ^RStt^T&SN, ^ t Rl>ttA r 

fc. ffe#<D;tf*IEg5 8 A«>6>ti. ^^WjlTC^'xr 
^^>NH 3 «X77Wht?*SAr*'X 
*\ fi5c^-C*4H, #**\ ±IBNH 3 J3*£*)i> 

[0021] c cr, ±E»?BrttaHfir *SBW«r» 
^M^n-fe^«:*5Cir±rfflii6n^cDr«/j:< , fftifc 

or, ±K«*^«. ^©CtiL^*n*tiiSMHc 
fc, CCC»^-7Xv**^3-e**Hift«iH2 4«:» 

tm^^, ntfiWecji-DTW^^x^fflCittc^r* 

tt4f»CVD{C<fcSfiR«te«*tf -eo£ 
$tt*lCVDfc£6fiRWBatt. m«^>^flP«fc«:J: 
£ fiERSE 8 X ft o r fc J: C 

[0 022] H2«r#JHUrfiR0C&ffiO*l^Jfi 

r\ ^CVDCCi:0T i NJfi^ritS^'ti^o C^ll 
*fe^r«. T^t^iltN, HTs (H2 (A)# 
JBS) 4«y-^4Ut«TiCl 4 ^ 

(0 2 (B) #M) *flftv SJR*Wa7C3tfXiL/rN 
H 3 ^ (02 (C) #H8) «rfflC»*. ±IBS^^«r, 

y-^tft6T i c 1 4 ^/x*H^W«:«*&b, ^ 

x o«*& i f^jB# cc«*&-r ^> i ^cc ±t a^s v-*h*<d 

O w ON** «*^0«l&<*JB«r^b, '* OFF'* 

oflweff±««*s u , c o^tt«i»o^^«t&o* -y 

[0 02 3 ] COi^CC, 2rt^rS^?l^ U 

/cttfigr, N 2 ^«iI»WCC«l/ % TiCh ioMt 
M^WCCSKL/, NHj ^'X«T i C 1 « ^XtBI«FS^ 
T i C 1 4 #X©RBfcJHRBT 1 r tCtii 0 t>SC»XHn 
tlBifcl/tU*. cnccj:0, -rd< (T i NfgCDit 
m) — N, ^-^-*NHj 7Ci- (T i NMO^ft) — 



(6) 

9 

N 2 ^-^-"rtf—N, ^-'^NH, V P > 

±lBrtf<DB$K:T i N«jWi«U NH, VU~<D 

b$cct i NSi^^ffttaRswaw-ca^sn*. cc 

"C. TiCl« ^X^*>^^^^>^-C«t&ia*&L//cB# 

&«:t i c i « <D«i&*ra>&-riB#^*"c©fi 

3»H£3*rr. HISCCtt«iL«l 0-6 0#1Ift4>fli 

[0024] £/c, T i C 1« ^'XiNHj *7*<D|gB# 
©fltt&JBIIB T 2 « 1 0 &B& % N H 3 #X 
MITSttl O«M0ET*Q. C ©flW&JBIHT 3 tt, T 

i C 1 , tfxomfcJBRBT 1 <DBS43*4c{4S$nrc^ 
& 0 CCt7'ot^Sg(t Se^OfltHiBKr* S 5 8 
0 °Ccfc 0 fcifc«fl«Kt>filI, 0d*.tf4 5 0 •ciRt* 
6 0 N, #*#5 0 0 s c c mlK, T i 

C 1 4 iixifi3 0 s ccmiK, NHj ifX&3 0 s c 

oo^&j»gitatt@ccMoriB^WCc*»^S* 20 

jft^-r ^cife i»±-r set # ajfig <b a * . 
[0026] awe, ±iem 1 mmm<D&Mk± . 

C/n-fe*jBR: 5 8 0*0 <D#g*i%Jt«Ur 
KWT*. H3«^X«»W-f ^Jb»iT i N«©a 

mntxhZo H3cc*ji>Ttt % t i nr**© 40 

¥ift»S "CB8 3 0 0 A£JI5J&*r&B$(DtM *JH»CcS*T 
Hr3 0 0A©»S©8l*ita-r4ai^«:tt. ltM* 

[0 0 2 7 ] C<D03 3&>6We>^a<t^CC, ^D-fe^jS 
g#5 8 0°C<Dig^tC«, W42toX3 0 OASftQ 
WV&eai/t6, 6 0*-f^gfir3 0 0Agft© 
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9 . 0 k/ 1 tf-f £ JKDJEfcfi) gS<DD$*Cffi!a^^BS 6 
0 0 uQ~ cmggtca^TBSSCi^OfiT^fi&fPbT 
l^o CCDJ6Si^BS6 0 0 mQ- cmtt, S£3fc#i£(DiI 

/Co 

[002 8 ] £/c, S4«-5x^ta^«:*t-r€>T i 
<fc*>fc: % NH, ii*<Dtf* h7V-foK><DV£%3]&<Dm 

»* 1 6lHltfo/c^W^ffiOii^(cii, ^ciHr^Sg 

#t**5*t/Tl»*. COit^CCk, T i wm<D±te<0B 
3£3 0 0 Aitg^LTl>£o 0 5*Pe>*E6*>fc<fc 5 

T^tiSB^ Jt^BS-b'niCi, T i Niic^7 ^ 
C>. -r«c*>%, S4^7» ^Ojfi£««i tt 

*5f|f0LTt^«e®«, T i NMec* ^y^*Hi^:^<i: 

[0 02 9] */c, @6«T i NBtOWrffiO^Watt 
a?Jt«r?SOT*j0, 06 (A) CC^t"^^S<0^a«: 
T i NMifiCttttOttaaPA&tu T i NJg^S 

flEBLTosa^m-eti***. S6 (b) «:?s-r*» 
[0030] &ic % ±k* i sisfewi©® i (ommic-o 

&tiMfc#x % mattes J* tot ¥5 Ss> (felT, M 
MHifeftT) (0 7 (D) SiSltSCVD^C 
J:0Ti NR«ri^SlUr^ij^'C**. Tfctofe, ±85 
illV-^t*4TiCl 4 ^©PhI^WPbIT 1 Cc 
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to^X^mm^miLrtXX&ZNH, #X*«*&T 
^$Wil7u;tfX<!:l,Ttt, MMHCD<t 5 &C % ±I£NH 

[0031] ±ie§r i mMW<Dm2<Dmmicr> io 
ortttBjr a. 08 «se i m&w<Dt&2<D$a&m<D&m 

X (08 (D) #M) *mZX75X-?*\LX. */c, 
DTC<DB#tcjl7C^Xt Ut^SH, #X 
(08 (F)M) *ftl*.T. ^XvCVDtCcfcOT 

-X#X-C£>&T i C 1 4 ^7XCr>F H 1^»!PH^C*>CiT±IS 20 

C<Dm&. NH 3 yu-*'i=r 5&f<DfrlCA r #X£ 
»riftCC*HigWBE«:±T©«*l 6, 4 OrattEHJjH 

m*^g^^r<fc0^^iSS©^cCi^^T i N 

£BS. 0 8 (F) lCm?£5( f cm7V*fXtl,XfflZ.&H 
t 0 0 3 2 ] #IC. *«Wffll©»2»«ICO^tR 

^>f^^i-i^^ cent ^rSft^ig 

^wstc^'x t *&mmcm& L^&m v - x #x 

*±*«ttfityc«*su cft&c#LT£jgv~x*7xr 

■T*J:5Ccl/r|ftCVDK:<fc«3T i NmzmmUXl,* 40 
3 7P- (Wk) -••£C>9«XB#a^9iELfTfcti 

& e Hfl^w-cttT i c 1 4 ^©MiraT 2 £ihkjb 

[0 03 3] COif^fcfc. jRH*'^*ia^WtC«Lo 
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b»»C* % Mtett. «©R«j|S;fi*s«l«l8tifcT i N 

^ock, Tici 4 ^teae-ri^xsiNH, ? 
D-oa<txsi**B«L-cfc»), mm 
mcom^tittmu^x. n 2 ^-^xetRwrc^tti* 
<ox, Tici, ^o0ymMmpavtttft»±wc, 
cot i c i , //^oaffi^attett&stiT^sNH, 

[0034] ^ck % ±%sm 2 mmm<Dm i osasweo 
s^xo^is©*^ s >^&7jvr0r*£. 09cc^l 

Zc<tEIG^«Coc>r«ttq8S:«l8-r4. CCt?©»» 

^WiS7G#X, W^iftyy^t F^> (0 1 0 
(D) #Jg> *«l/T*fcCVD«:j:!3T i 

JSl>SBrHT4T\ ±IESSftS*ra7n#X'C*£NH 3 AT 
x£ 0 fc£7^<D»l>te<D^^WSS#xr*£MM 

[0 035] C©ffe0^^37n#X£ Itli, MM 

**fiI±3*T:j:*)*JR«KSrjfel>3#r^aT i N 
te*BHIT4tt % JbiBT i C 1 4 #X(DffflXS8fHIT 1 <DBg 

5>^«ac^(cTtiT*5«p, h*/x#h 

[0 0 3 6 ] rXK, ±R»2**tW©»2C[>XJB««:o 

^tsuTi. 01 1 tem2mnwcom2<Dmzw<D& 

l"#$:9n?mx$)2> 0 mQ^fCTjkLtctmCiJXirCO^X 

tt8Ma**wr«. ccto^ij, «2MkMo^ 
(si i (D) #m) «n*.r:/sx^fcfrc % * 

X (01 1 (F) #M) *ftlitr, ^^XvCVDCCj: 

Ry-^^t»ST i c l « ^x<Dra^wra*c*5^r 

C©IB^aBWJ:0fe«C4IIBT5'C. ^X7TS/Xh 
*Xt*iA r *'X^Lt77Xv^r^J:^(C 

[003 7] CCtA r ^X(D«tt&Jt8BITS«, 

±8ET i C 1 4 tfXOfia^WfST 1 OK**CC{4g^-t± 
tl^ 0 -C-L-r, Ar^XSrjS-ri^CCjaJHftWBEii 
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&o *fc t C©^XvSrScrS^F % 011 (F) (fCnk 

tiK, mill*— Hl*0±S#SCi*sr*S. 
[0038] #tc, **?B*tt©»3 JOfeWKlot^K 

KCOflttftJWfBT 2 <fc 0 fcJSHttlBT 6 Ti**Sr &<hft 

BIT 1 <fc 0 fcSC^WIBT 3 ruiBa»«wa7c#^*« 

ttWfcttl&U 4IV-X^T*ST iCl, tfX* 
$Wil7c;^X"C^^>NH 3 ±IBT i C 1 4 137, 

(ommmmr 2 tmxm&T i £tc, ^n^ntn^j: 

ftutw. -rtttot, T'tfttoWtfetcT i c 1 4 a/* 
©^■y^n-jaiait^h^o-JHiBli^KwrT i c 

VDCCJ:0T i NISii^UTl^o ^UT i 

Cl 4 D ^-WhTiCh ?P >N> ^ 

NHj (gfb) — N 2 a-^^UT i C 

1 4 ?a — »f^-»^HiCl 4 7P' — »N, 

^ <kt^SXg*JJiB^ciBI5iI0tf*>ti&. HSWr 

tt, TiCl, MONM (flttftJBHIT 2 ) CC*$WS 
N H 3 137s <om&W8L T6tt, JilBftteWPa 1 ] T 2 (DBS* 
*CC<MK«S*i % *fc, T i C 1 4 #X©Pi8^B$ (IB^W 

PbIt i > msNH, i37<Di*t&mr$T 3 mllibiib* 

ta&T. T i NB|itJK:S**i**««a[«:iS<»Wrt 

setter, ts!n*fc>h3<T.*, */c *9**<d 

i NRirSCi3&SpJteittS. MCC, C <DSfl 3 51*601 
©W^CCtt. ^^XSOSfacCT i C 1 4 ©^'J7P- 

a/c, nh 3 7P- (g^t) xgowaccttN, ^* 
[0041] ^ccc, ±bs» 3 uttfflosi i (Dmrntc-o 
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«^©«»&<o*^ s>y*s^-rigr*s 0 01 2«:^ 
««. iufB^3H^«?iicD^^«^^i«:fln^-c. m<om 

MMHifcW) (013 <D) «H) *r*LTJSCV 
DtCfcOT i Nlg*JttgUTl>£«£r*>£. "Tfcto^ 
±fc£MV-7l37V&ZT i C 1 4 //^©B^JWBIT 
!«:*5^T±IBa3RdWfi7c^r*SNH, #X*« 

^^^MMH^^MT^cfc^ltt^, CCD 
NHj ^<fcOfe«7C*©»^fc<D«:ffll»r*5 0, Ctl 
0*«iftKft*^3*r36±ttT i Ni«r*«t4C4 
[0042] ±E* 3 HJgW©^2 <DgB&«(CO 

^tjMBT*. 01 4\*m3mMm<Dm2<Dmzm<D& 
20 >^rar*Sc 01 2^u/c4i^o^xccoi> 

r#X (01 4 (D) #ko **n*r^x^&;st£\ 

137 (01 4 (F) 4MB) *miLX. ^XvCVDJC 
J:0T i N8«r«llTl^*rft5, ftttofc, ±1E 
^iV-X^-C*5T i C 1 4 ^©PbI^WHT 1 CC 

30 SA r*X*««&L-C^XvSrStrSJ:5«:-rs. 

[0 0 4 3 ] Z<Dm-&. NH 3 ^P-^rtf ^B^CD^tCA 
r *^**r ift«C*»««EE«r±T<C«« 1 6,40 
IHCCEPttJUr^^X^iSET-S. cnCC<l:0, TiNi 

ec»-r4»b*«rIg«:?lE2«>r J: 0 &3R^<D*J>&1>5££ 

«ct i NKijgflcrsci^r**. to^x 

^^fiT-E>B$, 014 (F) CCTn-r^^tC^TC^XiL 
[0044] *»9iO*4iafi««:-3C»rtteH-r 

T^CVDtC<tOT i NJR**Bll/-C^S. 
[0 04 5] ?Ut>%. ^r£tt^'Xt?*^N, 

IV-^^t*4T i C 1 4 **Xt*EIB#<C, 
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X^ho -LIST i C 1 4 JJXOmtKMilC* ±IB 

NH, ^XcfcOfcS^CD^C^ffeO^^W^TC^Xi 

ltMMH?:gl*TCMUtfcD, CtUCfcOftC 
VD«CJ:«3T i NR4i^L"Cl»S, T<c*>%, ±IBM 
MH*«l&T<5KMc, T i NH£a4tr&C£K:tt&. 
CCD^4^S609«, H 7 (CS^-TSII HJfi«©» 1 O^JB 
WfcfcWSNH, ^OMJt8HT3^<Uct(Di 
BC««ft««r*S. 0 7*<D{JM6}WgT3 

01 5*<DMMH^<D^#&S8PaT8CC*fJCEUrCi 

ft) — N 2 -r«— 5>-* f s #->N a /^-MMH7P- 

[0 04 6] COm-SlCb^ JUW^fcPJ^WtcSfcUo 

JgtCWu «©R«JSRfi3&««i»J3tifcT i N 
«it«l 0-6 OfJgBrc**. 

too47] ^c«c, ^»nQflr59GKffiiccoi»rKqs-r 

^ $>^M77Xv5:StS^>f 5 0r& 

t\ fioMt £#<D£jpi v - x # x j»m iciS& 

cc, ±ist i c 1 4 #x<DtsiiKmmT 1 ccfec^rfc, a 

x (01 6 (d) #m) ^fln^r^^x-^^tiT^ (0 

16(E) #JK) . 

[0 04 8 ] £/c, ^stcjSDrcomcSTc^xio 

rm«H, #X (016 (F) #fiR) £JJ0*T, 73 
XvCVDWOTiNMtSirt^, t£oT, 

3 Xvffit- <h l> «X8#*yc« 0 ii Ut*>*i 

-2>o Ar//X«r«r«FCCiBffl««BE*±T© 

Sffii6, 4 op^ccEnfluur^^x^^n-c^o cntc 

/c, C(077X7?:St^ll$ t 016 (F) lC*rf<fc6 
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[0049] ttc c<Dmsmmm<Dm£ici>. isma 

CCT«^^X-m{tOX« <JWPiST9) -CiiNH, 

x£^0Tt,>&t,><£>T\ N, ^-^x{cJ:0 7 , 7X7 
10 fiftJMrbft*. coy^Xv^bcDXfiOB^Cc, N 

tc^xfi <jwrbt2) £?T5t<t#r£. -e<Dfl\ x 

V4 ^JKDB$p H 1(J5-6 OjBgffi-C**. 
[0 050] «±©S5g*0WC*-*Ttt, Stc^XD^iO 

20 WNE TaNK90ffi©^BI»fcK*jaEH 

[0 05 1 ] 

[0 2 ] *«ia*ffi(D» 1 *Sfe^|CDSa^X(D«^cD^ 
[03] *'X«S^01t>r^;U^iT i NjgCDfiJn^iCD 

MM^t^77r&So 

[04] ^x^SJKiTi NH4>Ott9Rttft&ORIft« 

40 7^1*^7 7^^ 

[05] tfxmt&oiV' A 2 >VUL t T i NMOJCA <b (DM 
{0 6] T i N0|(DiKS«:9O^:^ESnftM(c:j:2HB 

[■ 7 ] « i mmmorn i <D&&m<D&m#x<Dm&<D 

[0 8 ] HI 1 HS60g<D?g2 om&m<D%Mii*<om&<D 

50 [09 ] &mn<Dm2mjfcm<D&mrtx<Dm&<DZ4 $ 
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[010] mzmmmom i <D$a&m<D&&uz<D&& 
[Bin »2Wi«<D*2©KJBW©s«^<ott*& 

<D£ £ > yR^7 7Xv?:St £ # -f ^ > ^£^T0 
[012] **WO»3jat«©*B^©fltt&©*-f 

[013] m39mm<om i <dse^<d«ii#*<d#i& 
©dJ^^^ys^-nar**. io 

[ 0 1 4 ] m 3 ^JfetfflCDlfl 2 <D£JBW®&«#* 
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[015] **«<0*4||j6«(©*tt^©«l&©^ -f 
^>^7nT0-C*^o 

[016] #ftW<DmbMM$i<D&m*fZ<D&3&<D* 4 

i 2 tmss 

1 6 *v F» (±S««) 

2 4 s/a&iias 

3 6 ftn&t:-* 



[0 1 ] 



<a 4 ] 



(Ar)N, 
TiCI 



J- 
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16 _ 
T 20 



26 ' 
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26-4 



zzz 



20 



22 

1 



I7A 
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zzzz 



I ) s ) \ 



v.y v 

■•sv \ 
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'22^ uzzzzpi 

3°i I — 31 32 



0 
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64— i 
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0 
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T 1 
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T 
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_t_ i 1 1 — 



400 450 
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600 650 700 
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[H6] 
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[H7] 



(A) N ? _J 



Wife 
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<*<t) 



a» cvd) 
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[H8] 



NH.7P- 
C79XTK<t) 



(?5X**S<t> 



y 



(A) 



(B) Td 4 



ON 
OFF 

ON 
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T2 



(C) 



NHj 



ON 
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T1 
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(E) RF^XV 0,4 
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QEF_ 



r 



Ai 1 

j — : 
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N, 
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j— i 
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r 
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(B) 
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[011] 



" (Ait) 



NH a NH, 



!(fcfc) 




(A) 



(B) TO, 



(C) NH, f 

1 fc* 



(F) 



(^5X7 CVD) 



[012] 




(ft CVD) 
*3JUfc« 



[HI 3] 



Mm** h M NH, m ?U 



(A) n 2 

(B) Tia, 

(C) NHj 



(D) MMH 



I T2 




T6 



W<t> 



T1 



T3 
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J" 



(ft CVD) 



(14) 



[014] 



(A) N, 

(B) Tiq, 

(C) NH, 



3V 



7 s * 



TtCI 4 ! 



NH. 
(94t) 



T1 



N 2 
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7# 
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